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Abstract
Aflatoxins are a group of fungal toxic metabolites, which are contaminated certain food 
commodities. ELISA is one of the sensitive methods for detection of aflatoxins. Preparation and 
stabilizing of a proper conjugated tracer for detection of aflatoxins is probably the main step for 
designing an ELISA method. In current study, different stabilizers were applied to stabilize a 
newly prepared conjugated molecule, Horseradish peroxidase-Bovine serum albumin- Aflatoxin 
B1 (HRP-BSA-AFB1). Stabilizing effects of six different stabilizers were compared during 10 
months verification at room temperature and 6 weeks verification at 37°C. Based on the results, 
it was concluded that trehalose-containing stabilizers especially those contain casein in their 
compositions show the best stabilizing effects on HRP-BSA-AFB1 conjugated tracer.
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Introduction
Aflatoxins are a group of toxic agents 
belonging to the category of mycotoxins. These 
fungal metabolites are produced by at least three 
species of Aspergillus, A. flavus, A. parasiticus 
and A. nomius, which may grow on a number 
of corps. Aflatoxin B1, B2, G1, G2 and their 
metabolites M1 and M2 are the most common 
and of these, and B1 and G1 are observed most 
frequently in food commodities (1-3).
A. flavus, main producer of aflatoxins, is 
common and widespread in nature and is most 
often found when certain grains are grown under 
stressful conditions such as drought (4). 
Aflatoxins can produce dangerous illnesses 
including acute liver damage, cirrhosis, tumor 
induction and teratogenicity (5). Hence, the 
long-term chronic exposure to extremely low 
levels of aflatoxins in the diet is an important 
consideration for human health (3). Aflatoxin 
B1 is the most toxic aflatoxin and is considered 
as one of the most potent carcinogens especially 
hepato-carcinogens (6, 7).
To avoid human exposure to aflatoxins, 
rigorous programs have been established 
by different government agencies to control 
aflatoxin levels in food (8, 9). As a consequence, 
a number of sensitive methods for the detection, 
determination and analysis of aflatoxins have 
been developed. Chemical methods such as 
thin layer chromatography (TLC) and high-
performance liquid chromatography (HPLC) 
are most commonly used (10-12). Although 
chromatography analysis especially HPLC 
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are accepted as official methods for aflatoxin 
determination, these methods are expensive, 
time-consuming, and unsuitable for large amount 
of samples and need precise and expensive 
instruments.  Investigations in the last two 
decades have further led to the development 
of several immunochemical methods for such 
purpose, even in Iran (13-17). Among several 
techniques, enzyme-linked immunosorbent assay 
(ELISA) is the most useful technique due to its 
quickness, sensitivity and application (18, 19). 
For designing an immunoassay-based 
method, one of the main functions is conjugation 
of analyte to an enzyme to make a suitable 
tracer for detection of desired analyte. After 
preparation of a conjugate, second point of 
importance is stability of the prepared conjugate. 
Stability of a conjugate shows that different 
components keep their functional structures as 
well as biological activities. This will be more 
important when one of these components is an 
enzyme (19). The enzyme tracer is commonly 
used at high dilutions in ELISA procedures and 
is not often stable (18). HRP-conjugated analytes 
are often unstable and can lose a significant level 
of activity within a short period of time after 
dilution unless properly stored. In this study, a 
conjugated tracer, based on a three-component 
molecule, HRP-BSA-AFB1 was prepared. This 
conjugated tracer was designed for detection 
and determination of aflatoxin B1 based on 
ELISA. Different combinations of stabilizers 
were applied to this conjugated molecule and the 




Horseradish peroxidase (HRP), bovine 
serum albumin (BSA) and aflatoxin B1 (AFB1) 
were purchased from Sigma (St Louis, USA). 
The AgraQuant ® aflatoxin B1 (1-20 ppb) test 
kit was obtained from Romer Labs (MO, USA). 
3, 3´, 5, 5´-tetra methyl benzydine (TMB) one 
shot Plus (ready-to-use substrate solution) 
obtained from Kem-En-Tec Diagnostic Co 
(Taastrup, Denmark). All other chemicals and 




To prepare HRP-BSA-AFB1, one mg of 
HRP was dissolved in 1 ml of 0.1 M sodium 
acetate buffer. 4 µl of sodium m-periodate 0.1 
M was added and the solution was incubated in 
dark place for 20 minutes. Then, desalting was 
done using Sephadex G-25 column equilibrated 
with 1 M carbonate-hydrocarbonate buffer 
(pH 9.5).  One mg of AFB1-BSA conjugate was 
added to collected fractions of this column and 
the mixture was incubated for 180 minutes at 
2-8 °C.  4 µl of sodium cyanoborohydride was 
added and the mixture was incubated at 2-8°C 
for 15 minutes. Then, 1 M sodium dihydrogen 
phosphate was added to raise pH and to quench 
excess reaction of sodium cyanoborohydride. 
This solution was eluted through G-75 Sephadex 
column and fractions were collected. Collected 
fractions were checked by UV absorbance as 
well as reaction with TMB and intensity of color 
developed. Best fractions according to these 
verifications were chosen for further use.
To verify formation of HRP-BSA-AFB1, it 
was used as alternative conjugate of Agraquant 
AFB1 test kit and compared with original 
conjugate of the kit. According to the observed 
ODs, formation of conjugate was confirmed (2.43 
for new conjugate versus 2.78 for original)
Preparation of stabilizers
Six different stabilizers were prepared and 
applied for stability verification of the conjugated 
tracer. Ingredients of these stabilizers were as 
follows:
Stabilizer 1. BSA 0.02% in 0.05 M Tris-HCl 
buffer, Kathon CG 0.1% and 0.05 M CaCl2
Stabilizer 2. BSA 0.1% and Kathon CG 0.2% in 
phosphate buffer saline (PBS).
Stabilizer 3. Casein 1% and Kathon CG 0.2% in 
PBS.
Stabilizer 4. Glycerol 50% and Kathon CG 
0.2%.
Stabilizer 5. Trehalose 5% and Kathon CG 
0.2%.
Stabilizer 6. Casein 1%, Trehalose 5% and 
Kathon CG 0.2%.
Tests on conjugates with different stabilizers
HRP-BSA-AFB1 conjugate was diluted 
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in phosphate buffer saline (PBS) and kept in 
thoroughly closed brown glass vials at room 
temperature together with different stabilizers. 
The ELISA was performed in two different 
methods, normal and accelerated. In normal 
method, the conjugate-stabilizer mixture was 
maintained at room temperature and checked 
every other month. Two different assays were 
used for verification of conjugate stability. First 
assay was done with a direct ELISA which 
was previously designed for such purpose. In 
this method, prepared conjugates mixed with 
different stabilizers were added to microplates 
coated with Anti-AFB1 antibodies. After 1 h 
incubation at 37 °C, microplate was washed 
5 times with 0.05% PBS and then TMB was 
added. After 10 minutes incubation in a dark 
place, the reaction was stopped by 2 M sulfuric 
acid and ODs were measured at 450 nm. All 
six conjugate-stabilizer mixtures together with 
conjugate without stabilizer and freshly prepared 
conjugate were verified by this method. As an 
alternative method, prepared conjugate-stabilizer 
mixtures were used as alternative conjugate in 
AgraQuant ® aflatoxin B1 test kit according to its 
instruction manual. The samples were incubated 
for 15 minutes at room temperature and the plate 
was washed and then TMB was added. After 10 
minutes incubation in a dark place, the reaction 
was stopped by 2 M sulfuric acid and ODs were 
measured at 450 nm.
In the accelerated method, the conjugate-
stabilizer mixtures as well as conjugate without 
stabilizer were maintained at 37 °C and checked 
every week with the same ELISA methods.
The performance of stabilized conjugated 
tracers in ELISA tests was determined and 
compared with freshly prepared HRP-BSA-
AFB1 conjugate.
Results and Discussion
Different stabilizers were checked during 10 
months verification in normal and 6 weeks in 
accelerated procedures. In the normal procedure, 
all six mixtures were checked by in-house 
ELISA method (Figure 1). Only stabilizer 6 
together with freshly prepared conjugate as well 
as conjugate without stabilizer were verified by 
alternative method using AgraQuant ® aflatoxin 
B1 test kit for 6 months (Figure 2).
In the accelerated procedure, all six mixtures 
were checked by in-house ELISA method 
(Figure 3). Only stabilizer 6 together with freshly 
prepared conjugate as well as conjugate without 
stabilizer were verified by alternative method 
using AgraQuant ® aflatoxin B1 test kit for the 
same period of 6 weeks (Figure 4).
According to the results, best stabilizing 
effect was shown when stabilizer 6 containing 
casein1%, trehalose 5% and Kathon CG 0.2 
% was used. The stabilizer 6 maintained the 
activity of HRP-BSA-AFB1 at room temperature 
yielding 90% of initial activity for 10 months in 
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Figure  1. Stability verification of different conjugate-stabilizer mixtures kept at room temperature during 10 months in comparison with 
conjugate without stabilizer as well as freshly prepared conjugate as controls. ODs were measured at 450 nm.
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Compositions of different stabilizers used in 
this study were essentially similar to those cited 
in another published experiment (18); however, 
concentrations of the ingredients were slightly 
modified.
BSA was shown to have a strong stabilizing 
effect on HRP in buffer solution without any 
additives (21). The stabilizing effect of BSA relies 
on an increase in soluble protein concentration, 
a general principle of protein stabilization, and 
may be achieved as a result of protein-protein 
interactions after aggregation of BSA and the 
conjugates (18). In this study, the conjugate, 
however, had BSA in its own molecule. It 
seems that an interaction between BSA inside 
the molecule and BSA used in stabilizer is not 
favorable. So, unexpectedly, it was observed that 
stabilizers with BSA in their compositions did not 
show a suitable stabilizing effect in comparison 
with other stabilizers. It could be due to a new 
conformation induced by BSA. It seems that 
for the design and development of a stabilizer, 
similarity between conjugate and stabilizer 
components must be taken into consideration. 
Sugars and polyols are also widely used to 
stabilize proteins (22). In all cases, the protein 
was preferentially hydrated, i.e. addition of 
sugars to an aqueous protein solution resulted 
in free-energy change. This effect was shown 
to increase with increasing of protein surface 
area, explaining the protein stabilizing effect of 
these sugars and their enhancing effect of protein 
associations. Correlation of the preferential 
interaction parameter with the effect of the sugars 
on the surface tension of water, i.e. their positive 
surface increment has led to this conclusion that 
the surface free energy perturbation by sugars 
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Figure  2. Stability verification of conjugate-stabilizer 6 mixture kept at room temperature using AgraQuant ® aflatoxin B1 test kit. 
Freshly prepared conjugate, original conjugate of the kit stored according to kit instruction (2-8˚C) and conjugate without stabilizer with 
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Figure  3. Accelerated stability verification of different conjugate-stabilizer mixtures kept at 37°C during 6 weeks in comparison with 
conjugate without stabilizer and freshly prepared conjugate as controls. ODs were measured at 450 nm.
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interaction with proteins (23, 24). In this study, 
trehalose was used as a stabilizing agent. 
Trehalose is a disaccharide composed of two 
glucose molecules linked together. It has a very 
important property that helps it to stabilize 
proteins and thus can be used as a biologic 
preservative (25).  
Trehalose can be expected to work as a 
universal stabilizer of protein conformation 
due to its exceptional effect on the structure 
and properties of solvent water compared to 
other sugars and polyols (26). Our findings 
also approved of trehalose superiority to other 
stabilizers.
We noted when casein together with trehalose 
was used to stabilize formulated conjugate a more 
stable structure was achieved. Probably, besides 
the discussed effect of trehalose, a protein-
protein interaction might account for stabilizing 
the conjugate. Presence of a protein like casein 
could make a stereo-conformation in which the 
conjugate molecule could be more stable.
Glycerol is also act as other sugars and 
polyols but its effect on different conjugated 
molecules may be varied. In this study, its effect 
as a stabilizer was better than BSA-containing 
stabilizers but weaker than those containing 
trehalose.
In general, it was concluded that trehalose-
containing stabilizers especially those which 
have casein in their compositions show the best 
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Figure  4. Accelerated stability verification of conjugate-stabilizer 6 mixture which was kept at 37°C using AgraQuant ® aflatoxin B1 test 
kit. Freshly prepared conjugate, original conjugate of the kit which was stored according to kit instruction (2-8°C) and conjugate without 
stabilizer with same storage condition of stabilized conjugate were tested as controls. Each sample was tested as duplicate and mean of 
measured ODs at 450 nm were shown.
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